The success of the Boll Weevil Eradication (BWE) Program is believed to be one factor underlying the recent increase in cotton acreage in the Southeast, We find weak evidence that the initial, eradication phase of the BWE program decreases cotton acreage, and strong evidence that the second, maintenance phase of the program increases acreage, The full benefits associated with a BWE program may not become apparent until acreage adjustments occur, four to five years after program initiation. Our results indicate that for a representative sample county neglecting acreage effects may lead to underestimation of BWE program net benefits by 9 percent-12 percent, Key Words: acreage effects and policy evaluation, boll weevil eradication program, cotton, integrated pest management (1PM).
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cotton yield and acreage. Recent studies (Ahoussoussi, Wetzstein and Duffy) confirmed positive yield effects, but results regarding the effects of the BWE program on cotton acreage have been mixed (Ahoussoussi, Wetzstein, and Duffy; Duffy, Cain, Young, and Wetzstein) . This paper estimates the long-run effect of the BWE program on cotton acreage using a 31-year time series of observations on 25 counties in North Carolina, South Carolina, and Georgia. We hypothesize that the initial three-year eradication phase of the B WE program temporarily decreases cotton acreage, while the post-eradication phase of the program increases cotton acreage. Our results support these hypotheses.
Since it first infested U.S. cotton crops in the 1890s, the boll weevil has ranked as one of the major economic pests facing agricultural producers. Boll weevils can reduce cotton yields by 7 to 20 percent (Carlson and Suguiyarna) , and the traditional means of fighting boll weevil infestations were costly. Cotton producers practiced an expensive "sterile field" pest control program, which required up to 20 applications of pesticides per growing season (Ahoussoussi, Wetzstein, and Duffy) . Intensive application early in the growing season reduced beneficial insect populations and led to yieldreducing outbreaks of secondary pests unless applications were continued for the remainder of the growing season. Such intensive chemical application may have further reduced cotton yields by stunting the development of the cotton plant itself (Grube and Carlson) , Intensive chemical use may have also contributed to environmental degradation and human health risks (Suguiyama and Osteen) .
Low cotton yields, increasing agricultural chemical costs, and increasing environmental concern eventually led to the consideration of Integrated Pest Management (1PM) (Stern, Smith, van den Bosch and Hagen) as an alternative to sterile field pest control methods in cotton. Three basic practices distinguish 1PM: the use of crop scouts to determine pest populations, the use of economic thresholds to determine when pest treatments are necessary, and the use of biological controls and other non-chemical means of pest control. 1PM techniques may be used either by individual producers to monitor and control pest populations or by groups of producers in a cooperative regional effort to control or eradicate pests.
The BWE Program
The Boll Weevil Eradication (BWE) program is a regional 1PM program for boll weevil control. Boll weevil eradication began as a trial program in the northeastern corner of the Cotton Belt (Virginia and North Carolina) in 1978, and has since expanded southward and westward.
The BWE program was originally scheduled to expand throughout North and South Carolina in 1987. Promising results in the trial region resulted in the accelerated expansion of the program throughout North and South Carolina in 1983 (Carlson, et al. 1989) . Areas in Georgia, Florida and southern Alabama entered the B WE program in 1987. Administered by the federal government, the BWE program in each region consists of two phases. The three-year "eradication" phase aims to eliminate boll weevil populations through intensive, regionally coordinated pesticide application. The "post-eradication" or monitoring phase of the BWE program consists of field monitoring and reinfestation prevention activities. The intensive eradication phase takes about two calendar years and extends over parts of three growing seasons. In the latter part of the first eradication year, insecticides are heavily applied to cotton fields to eliminate overwintering weevils. In the second yea, boll weevil populations are monitored in cotton fields, and fields with sufficiently high boll weevil populations are again treated with insecticides, In the third year, in the early part of the season., eradication focuses on eliminating weevils that have overwintered from the second year. In the latter part of the third growing season, field monitoring continues, and fields with sufficiently high weevil populations are treated with insecticides. Monitoring continues in the fourth and successive growing seasons.
The BWE program is administered by state agricultural departments, regional Boll Weevil Eradication Foundations, and the Animal and Plant Health Inspection Service (APHIS) of the USDA (USDA 1997). As a regional eradication effort, a BWE program requires the cooperation of all cotton producers in an eradication region. Accordingly, before an eradication program is implemented, two-thirds of cotton producers within a proposed eradication region must approve the program through a referendum. Once approved, all cotton producers within the region must pay program fees to cover a share of eradication costs. Producers were responsible for 49 percent of eradication costs in North Carolina. In Georgia, Florida and Alabama producers were responsible for 70 percent of eradication costs, although a portion of producer costs were paid by the state government in Alabama (Szmedra, McClendon and Wetzstein; Duffy, Cain, Young and Wetzstein) . Remaining costs are paid by the federal government and the states. Producers must also pay relatively small peracre fees after eradication to finance continued monitoring, spot insecticide treatments and program administration.
With the expansion of BWE programs throughout the Southeast and into other pro-duction regions, information concerning the economic benefits and costs of these programs is becoming increasingly important to producers, land owners and government policy makers. A B WE program benefits cotton producers by increasing cotton yields and decreasing insecticide costs. An eradication program may also benefit landowners by increasing land rents and values. In addition, the long-run reduction in pesticide use associated with a BWE program may generate environmental benefits. However, these benefits must be weighed against the costs of BWE programs, including eradication and post-eradication fees paid by cotton producers and government cost-sharing expenses.
BWE Literature Review
BWE research efforts have been motivated by the need to evaluate the economic returns to existing BWE programs and to estimate the potential returns to geographic expansion. Generally, studies have found that eradication programs generate positive net benefits on pre-eradication cotton acreage due to increased yields and decreased pesticide use (Carlson and Suguiyama; Ahouissoussi, Wetzstein, and Duffy) . However, because B WE programs may cause significant crop switching and acreage expansion (Carlson; Duffy, Cain, Young, and Wetzstein) , an assessment of acreage effects is necessary. Strong acreage changes will affect estimates of the net benefits associated with B WE programs. If acreage effects are neglected, it is likely that program costs, primarily associated with the eradication phase of BWE programs, will be overestimated ex ante, since cotton producers will reduce cotton acreage during the eradication phase of a BWE program in response to per-acre eradication fees. Similarly, neglecting acreage effects may lead to ex ante underestimation of BWE program benefits, since the eradication of the boll weevil will induce producers to increase their cotton acreage ex post. In addition, strong acreage effects might impact acreages of substitute crops.
While BWE programs also might have affected government expenditures on agricultural support programs under earlier farm legislation, the Federal Agriculture Improvement and Reform Act (FAIR) of 1996 completely decoupled payments from acreage and production. Under FAIR, growers receive seven years of market transition payments based on previous program participation, regardless of current cropping decisions.
Analytical support for the proposition that the BWE program in North Carolina, South Carolina, and Georgia has increased cotton acreage has been mixed. A preliminary study by Carlson, Sappie, and Hammig found that the BWE program had reversed a downward trend in North and South Carolina cotton acreage. In contrast, preliminary results by Ahuoissoussi and Ahouissoussi, Wetzstein, and Duffy based on eradication phase data from the BWE program in Alabama, Georgia, and Florida found no detectable acreage effect; however, these authors anticipated that data from the post-eradication period of the BWE program in this region would indicate acreage effects. Duffy, Cain, Young, and Wetzstein's farm decision simulation model indicated that the BWE program would significantly increase cotton acres on representative south Alabama farms with and without initial cotton base acres. However, the model also predicted that the BWE program would have smaller acreage effects on a representative north Alabama farm due to smaller yield gains from the BWE program.
Data and Trends
The data set used in this analysis includes information on county cotton acreages, cotton and substitute crop prices, government commodit y program variables, and B WE program participation for 25 counties in North Carolina, South Carolina, and Georgia for 1965 through 1995. In this section, counties are matched with BWE program participation dates, and general trends in the data series are identified and briefly discussed.
BWE Program Counties and Program Phase

Dates
The North Carolina counties in the initial BWE trial region are Edgecomb, Halifax, Northarnp-ton, and Nash, For these counties, the eradication phase of the BWE program encompasses 1978, 1979, and 1980 , and the post-eradication phase consists of 1981 through 1995 (USDA personal communication 1997) . North Carolina counties in the BWE program expansion region are Chowan, Cleveland, Hoke, Robeson and Scotland. South Carolina counties in the expansion region are Calhoun, Chester, Darlington, Dillon, Lee, Marlboro, Orangeburg, Sumter, and York. 1For these counties, the eradication phase of the BWE program was 1983 BWE program was , 1984 BWE program was , and 1985 , and the post-eradication phase of the program 1986 through 1995.
Although the B WE program expanded into Georgia in 1987, it did not fully get underway until 1988, and fields were not considered fully "clean" of boll weevil until the 1991 season (Brown) . Therefore, we assume that the BWE eradication phase in Georgia effectively consists of 1988, 1989, and 1990 and that the post-eradication phase of the program consists of 1991 through 1995. Georgia B WE counties are Bleckley, Brooks, Burke, Calhoun, Colquitt, Crisp, Dooly, and Pulaski.
Cotton Acreage
Yearly cotton acres are given by county in Tables la-lc. Planted acres are used where the data are available. Where data on planted acres are not available, data on harvested acres are used. (The correlation between planted and harvested acres across all counties and years for which both types of acreage data exist is 0.997 1.) For counties numbered 1 to 8, [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] data are planted acres (Carlson 1992) ; 198 1-1 995 data are planted acres (NCDA 1996) . For county number 9, 1965-1972 data are harvested acres (Carlson 1992); 1973 data are planted acres (NCDA 1996 . For counties numbered 11 to 19, 1965-1979 data are planted acres (Carlson 1992); 1980 
I Chester county, SC, (county number 12) is ex-
cluded from the regression model described m the following section because acreage data are not available for this county for some years due to grower confidentiality restrictions. data are planted acres (SCASS 1997 (Carlson 1992); 1972 data are planted acres (GAASS 1997). (Note: There are no counties numbered 10 or 20 in the data set.)
We divide the counties into three groups according to the year in which they began the eradication stage of the BWE program. Table  1 reports total cotton acres for the three groups. After falling sharply during the late 1960s and the 1970s, cotton acreage began to increase in all three groups during the 1980s. Overall agricultural acreage was declining in all three states over this period (Table 2) . Hence, the increase in cotton acreage cannot be attributed to a general increase in all agricultural acreage in the region.
Substitute
Crop Acreage Table 3 presents acreage trends for the primary substitute crops (wheat, corn and soybeans) in the region. Given that total agricultural acreage has been declining in the region, it is apparent that growers have been shifting acres from substitute crops to cotton. On balance, it appears that North Carolina growers have been shifting a large amount of acreage from corn to cotton, a moderate amount of acreage from soybeans to cotton, and essentially no acreage from wheat to cotton. South Carolina farmers appear to have been shifting a large amount of acreage from soybeans to cotton and moderate amounts of acreage from wheat and corn to cotton. Georgia farmers appear to have been shifting significant acreage from all three substitute crops to cotton.
Cotton Prices
Data on nominal average market price received by growers for cotton (PRECC), nominal cotton futures price (PFUTC), and the producer price index (IPP) are presented in Table 4 . Cotton futures prices are Chicago Board of Trade (CBT) "Settle" prices in cents/lb. for 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 averaged over the last five business days in April, If markets areinactive or closed, the average istaken over the remaining recorded prices for that year.
Total
Data on real cotton futures prices arepresentedin Table5. Nominal prices are deflated to 1995 cents/lb. using the producer price index (IPP), with 1982 taken as the base year (i.e., IPP equals 100 in base year 1982) (USDC1996).
Real cotton futures prices were relatively high from 1965 to 1977, declined from 1977 to 1986, and began increasing again in 1986. In 1995, the final year in our data set, the real cotton futures price was at its highest level since 1978. The recent increase in cotton price may explain part of the recent increase in cotton acreage.
Government Support Programs
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TARGC is the target price of cotton and LOANC is the non-recourse loan payment rate for cotton.
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Despite sometimes large government expenditures on Deficiency Loan Payments (USDA 1995a), marketing loans do not raise the effective support price of cotton to growers; rather, they represent a different means of ensuring that growers receive the loan rate. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 wheat, corn and soybeans), providing a potentially large flex acreage on which to plant cotton (USDA 199 I b). There has been some flexing out of cotton, mainly into soybeans, but flexing into cotton outweighs flexing out of cotton by an order of magnitude (USDA-FSA News mimeo). Nonetheless, net flexing into cotton has amounted to only approximately 10 percent of cotton base in North Carolina and South Carolina, and considerably less in Georgia (USDA-FSA News mimeo). In our reduced-form model, we implicitly assume that cotton acreage is determined in part by flex acreage decisions, and that these intermediate decisions are themselves functions of included model variables (i.e., cotton price, substitute crop price, effective government support price, the B WE program, and other factors represented by county dummies). Hence, we do not include the flex acreage program variables directly in the model. Enrollments in the "50-92" program cotton acreage in North Carolina, South Carolina, and Georgia were modest: the median state enrollment over all three states and program years was 4.5 percent of crop acreage base less acreage reduction program requirements, and in no year did 50-92 acreage exceed 10 percent of crop acreage base less acreage reduction program requirements ( USDA-FSA News mimeo). We therefore assume that the impact of the 50-92 program on cotton acreage in our study area was minimal, and we exclude consideration of 50-92 from our model. This is a conservative assumption from the perspective of rejecting the null hypothesis of no BWE program effect on cotton acreage for the following reason. The 50-92 program came into existence with the 1985 Farm Bill; hence it was present only during the final third of the study period. The post-eradication phase of the BWE program also came fully on line during the later part of the study period (1981 in North Carolina, 1986 for South Carolina and 1991 in Georgia). Hence, the presence of the 50-92 program would be correlated with the presence of the post-eradication phase of the BWE program. Because existence of the 50-92 program would tend to decrease cotton acreage, omitting this factor from the model would tend to bias any estimate of the acreage impact of the post-eradication phase of the BWE program downward, or in favor of the null hypothesis, making rejection of the null hypothesis more difficult.
Changes in crop acreage bases (CABS), farm program payment yields (FPPYs), and cross-compliance restrictions may also affect cotton acreage decisions, For example, Mires, Duffy and Young (1989) have shown that the definition of CAB and the presence or absence of cross-compliance restrictions can affect government program participation decisions, crop-mix and cotton acreage in simulation models of representative cotton farms in northern and southern Alabama. From 1982 to 1995, there were several changes in the definitions of CABS and FPPYs, and several changes in cross-compliance restrictions. In our reduced-form model, government program participation and crop-mix decisions are not modeled directly. Instead, we implicitly assume that cotton acreage is determined in part by these intermediate decisions, and that these intermediate decisions are themselves functions of included model variables.
The real (1995 cents/lb) effective support price of cotton over the sample period is reported in Table 5 . The real effective support price of cotton has fluctuated somewhat around a fairly constant level throughout the study period. Fluctuations in the real effective support price may explain some movements in cotton acreage but probably do not account for the recent upward trend in acreage.
Substitute Crop Prices
Changes in the relative prices of substitute crops may have contributed to recent acreage shifts. Data on soybean and corn futures prices (PFUTS and PFUTN, respectively) are presented in Table 4 . Corn futures prices are Chicago Board of Trade (CBT) "Settle" prices in cents/bu for December contract corn (5000 bu) as reported in The Wall Street Journal averaged over the last five business days in April.
Soybean futures prices are Chicago Board of Trade (CBT) "Settle" prices in cents/bu for November contract soybeans (5000 bu) as reported in The Wall Street Journal averaged over the last five business days in April. In the event of inactive or closed markets, the averages are taken over the remaining recorded prices for that year and commodity. Table 5 reveals that the real (1995 $/bu) price of a major substitute crop (soybeans) and the ratio of real substitute crop price to real cotton price and to the real effective support price for cotton all declined over most of the sample period. The declines evident since the late 1980s correspond to the recent period of rapid growth in cotton acreage. Shifts in the relative prices of commodities might indeed explain part of the recent increase in cotton acreage.
BWE Program
In addition to cotton price, substitute crop price and government crop support program effects, it is probable that the BWE program also affected cotton acreage by increasing cotton yields and decreasing pesticide costs. Support for this position might be drawn from casual observation of Table 1 , where it appears that cotton acreage began to move upward in the 1978 B WE trial area before it did in the two BWE expansion areas, which had yet to undergo eradication. In the next section of this paper we develop a simple econometric model to identify and measure potential BWE pro-gram effects and to distinguish these effects from other possible influences on cotton acreage.
The Model
We develop a model to test for the effects of the Boll Weevil Eradication (BWE) program on cotton acreage. Many factors can influence cotton acreage planting decisions, including the expected price of cotton (including government price support payments), the expected price of substitute crops (including any government price support payments), acreage restriction programs, cotton production costs, the BWE program, county characteristics (such as soil quality and average weather conditions), and random environmental or economic shocks. Farm level decisions associated with acreage choice, crop-mix, input levels, and government program participation are interrelated and complex. In general, such problems can be characterized as discrete/continuous choice, multi-product, constrained profit-maximization problems. Mires, Duffy and Young (1989) and Duffy, Cain, Young and Wetzstein (1994) investigated farm-level decisions for two representative Alabama cotton farms using integer programming simulation models. In this paper we abstract from the details of farm-level models in order to focus on the measurement of the net, "reducedform" impact of the BWE program on cotton acreage.
Modeling cotton acreage response to the BWE program requires identifying which prices are relevant to farmers' planting decisions and how expectations of those prices are formed. There are three basic approaches to estimating the supply responses of agricultural producers when various government programs impact farm decision-making: the first, the partial-equilibrium approach, analyses the effect of each government program separately; the second approach attempts to combine the effects of several government programs into a single supply-inducing price (Duffy, Richardson, and Wohlgenant) ; and the third approach attempts to discover the individual effect of each government program while addressing multiple programs (Chavas, Pope and Kao) . Our model follows this third approach. We do not model price expectations explicitly. Instead, we specify a reduced form model in which farmers base cotton acreage decisions on real cotton futures price, the real effective support price for cotton (see discussion), real soybeans futures price2, and BWE program dummy variables.
We specify the following for the empirical model: (2) acres,, log-linear form (Glade, Meyer and MacDonald) , soybeans were selected as the substitute crop. The futures price series of corn was also considered for inclusion in the model. However, because the price series of com and soybeans are highly correlated (correlation = 0.938), the com price series was omitted from the model to avoid multicollinearity problems. To the extent that the prices of substitute crops other than soybeans affect cotton acreage, these effects would be captured mainly by the coefficient on soybean price in our model, given the high correlation between substitute crop price series.
error terms, and b 1 . . . b5 are model parameters to be estimated.
Cotton futures price and cotton support price are anticipated to have positive effects on cotton acres, while soybean futures price is expected to have a negative effect.
The two phases of the BWE program are hypothesized to have opposite effects on cotton acreage relative to the pre-program period. The BWE eradication phase dummy variable is hypothesized to decrease cotton acreage for two reasons. First, producers apply more pesticides and pay relatively large BWE program fees during eradication.
Crop yield benefits may not offset these expenses.
Second, the heavy use of pesticides during eradication may reduce populations of beneficial insects, increasing the possibility of infestation by secondary pests. For example, serious secondary outbreaks of aphids and beet armyworm devastated the 1995 cotton crop in the Texas Rio Grande Valley. Many producers believed that this outbreak was due to the boll weevil eradication program in effect for the 1995 crop year. The repeated applications of malathion used to eliminate the boll weevils, they argued, destroyed beneficial insects including spiders and wasps (Verhovek) .
We hypothesize that reductions in expected crop yield due to secondary pest infestations are a second reason cotton acreage may decrease during the eradication phase of the BWE program.
The BWE post-eradication phase dummy variable is hypothesized to increase cotton acreage. After eradication, larger crop yields and reduced pesticide costs are expected to generate significant net program benefits and lead to increased cotton acreage.
Finally, the county dummy variables are intended to capture the idiosyncratic characteristics of each county, such as county size, average crop yields, soil quality and average weather conditions, that influence mean county cotton acreage but that do not vary over time. As can be seen in Tables 1a-1 c, mean (averaged over time) acres vary substantially across counties, from 3,465 to 34,941 acres.
Results
We estimate the log-log form of Equation 2 using statistical regression under three econometric specifications corresponding to different assumptions regarding heteroskedasticity across counties, autocorrelation across years and contemporaneous correlation across counties. Regression results are summarized in Table 7, Each column reports coefficients for the variables listed on the left-hand side for a different model specification.
The ordinary least squares model (OLS) is highly significant (F-test p-value < 0.01) and explains approximately 60 percent of the variation in the dependent variable (Adjusted Rsquare = 0.5869). The coefficient estimates for logged real cotton futures price (bl ), logged real soybean futures price (b3), the eradication stage of the BWE program (eit), and the post-eradication stage of the boll weevil program dummy (fit) are significant at the 95-percent level. However, the Durbin-Watson test rejects the null hypothesis of no autocorrelation across time periods. In addition, the null hypothesis of no heteroskedasticity across counties is rejected by a Breusch-Pagan-Godfrey test. Hence, we next estimate the model using a pooled time-series cross-section estimation procedure (Kmenta) which corrects for first-order autocorrelation across time periods and for heteroskedasticity across counties. Results are reported in the column labeled POOL.
A likelihood ratio test comparing the log of the likelihood function of the restricted model (ordinary least squares) with that of the less restricted model (pooled time-series cross-section) rejects the ordinary least squares joint restrictions of no first-order autocorrelation across time periods and homoskedasticity across counties at the 95-percent significance level. Compared with ordinary least squares, the pooled time-series cross-section estimation method reduces the mean squared error (MSE) of the estimation by an order of magnitude, from 0.33377 to 0.03335. For the pooled timeseries cross-section regression, coefficient estimates for logged real cotton futures price (b I), logged real effective cotton support price (b2), the eradication stage of the BWE program (eit) and the post-eradication stage of the boll weevil program (fit) are significant at the 95-percent level. Because counties may experience contemporaneous shocks, we also estimate Equation 2 using Parks' time-series cross-section estimation method (Parks; Kmenta) which allows for first-order autocorrelation across time periods, heteroskedasticity across counties, and contemporaneous correlation across counties. Results are reported in the column labeled PARKS. A likelihood ratio test rejects the restriction of no contemporaneous correlation across counties at the 95-percent significance level. The MSE for the Parks method regression is 0.032981, only slightly less than that for the pooled regression. For the Parks method regression, logged real cotton futures price (b 1), logged real effective cotton support price (b2), and the post-eradication stage of the boll weevil program (fit) are significant at the 95-percent level.
The own-price effect of cotton futures price on cotton acreage was positive and significant in all three regressions, Our own-price elasticity estimates ranged from 0.69565 to 0.95881 (Table 7) . These estimates are within the range of other reported estimates: our estimates are lower than Carlson et al.'s estimates of 1.749 for North and South Carolina and 1.482 for North Carolina, South Carolina and Georgia but higher than Duffy et al.'s long-run estimate of 0.573 for the Southeastern region as a whole. Table 8 compares our estimated price elasticities to those obtained by previous studies.
Government support programs for cotton, 1965-1995 1965-1986 1959-1983 ' 0.573 value is long-run acreage adjustment elasticity with respect to supply inducing price, evaluated at mean acreage over all sample years. b "NC and SC, " and "NC, SC, GA, " are the 2 samples used by Carlson, Sappie, and Hammig to estimate the effects of the BWE Program. ' OLS, POOLED, and PARKS refer to our three regressions using ordinary least squares, pooled time series correcting for autocorrelation, and heteroskedasticity across counties, and pooled time series correcting for autocorrelation, and heteroskedasticity and contemporaneous correction across counties.
as summarized by the effective support price The 1996 farm bill eliminated the deficiency payment/base acre system, and replaced it with market transition payments to producers that are independent of acreage allocation decisions. The marketing loan program for cotton was continued, with a mandated maximum loan rate of 51.92 cents per pound and a mandated minimum of 50.00 cents per pound. Un-der the new program, the loan rate may be considered the effective support price. Based on our model's estimates of acreage elasticity with respect to the real effective support price, we can estimate the percentage change in cotton acres due to the change in the effective support price from its 1995 level of 72.90 cents per pound to the mandated maximum and minimum loan rates. Depending on the loan rate, the coefficient from the pooled regression predicts a decline in cotton acreage of 17.6 to 19.4 percent. The Parks regression predicts a decline of 18.1 to 19.9 percent. This calculation provides an estimate of the change in cotton acres that would be expected due to the change in the cotton program alone.
The coefficient estimate for the futures price of soybeans is negative and significant only in the ordinary least squares regression. It is insignificant and positive in the pooled time series cross section regression and insignificant and negative in the Parks regression. The significant estimated elasticity is -1.1317, which is substantially larger in magnitude than Carlson et al.'s estimates of -0.581 for North and South Carolina and -0.642 for North Carolina, South Carolina and Georgia. This difference may be due to Carlson et al.'s inclusion of corn as a second substitute crop. Overall, our results indicate that the evidence is weak for substitute price effects on cotton acreage over the period considered here.
The BWE program eradication stage dummy variable (eit) has a negative effect on cotton acreage that is significant in the ordinary least squares and pooled regressions. The eradication stage dummy is negative but insignificant in the Parks regression. The estimated negative effect is consistent with the a priori hypothesis that the costs associated with the initial eradication phase of the BWE program would cause a temporary decrease in cotton acreage. The estimated percentage change in cotton acreage due to the eradication stage of the BWE program, relative to the pre-eradication situation, is -28.82 percent (calculated as: 100.(exp(b4) -1)) in the ordinary least squares regression and -9.36 percent in the pooled regression. Table 9 compares our estimates of the acreage effects of the B WE program to those of previous studies.
Net Bene@s of Acreage Effects
The results may be used to estimate the net benefits to growers of the cotton acreage expansion effects induced by the BWE program. We estimate the net benefits of acreage expansion effects using a framework similar to that employed by Carlson (1989) and Ahouissoussi (1992) , illustrated in Figure 1 .
The net marginal value product of land planted to cotton before eradication is given by DI. The net marginal value product of acreage planted to the next-best substitute crop is assumed to be relatively constant and is represented by the horizontal line at level r. It is assumed that growers expand cotton acreage until the net marginal value product cotton acreage falls to r; under this assumption, cotton acreage before eradication would be given by Al. Eradication increases per-acre yields and decreases per-acre pesticide costs. However, after eradication, growers must continue to pay a small annual per-acre BWE program "maintenance" fee to cover continuing boll weevil monitoring and spot suppression efforts. Assuming that the net effect of eradication is to increase the net marginal value product of land planted to cotton from D, to COLS, POOLED and PARKS refer to our three regressions using ordinary least squares, pooled time series correcting for autocorrelation and heteroskedasticity across counties, and pooled time series correcting for autocorrelation, and heteroskedasticity and contemporaneous correlation across counties.
Dz, growers respond to the increased returns by increasing cotton acreage from A, to A2. Eradication increases the net returns to cotton production on both pre-eradication cotton acres (Al ) and post-eradication, expansion acres (Az -Al). Increased returns on pre-eradication cotton acres can be approximated by area abce, and increased returns on post-eradication, expansion acres can be approximated by area cde. These areas may be computed as: respectively, where b -a is the increase in net marginal value product per acre due to eradication, Al is pre-eradication cotton acreage and Az is post-eradication cotton acreage. We assume that the increase in net marginal value product of cotton acreage due to the BWE program (i.e., "b -a" in the figure) can be represented by the increase in per-acre revenue resulting from increased in cotton yields minus B WE program "maintenance" fees. This assumption is conservative in that it may understate the benefits of eradication, since any reductions in pesticide costs are not considered in the benefit calculation.
The increase in per-acre revenue due to the B WE program is calculated as the product of the per-acre increase in cotton yield (lbs.) due to the B WE program and cotton price per pound. Carlson, Sappie and Hammig estimated that the BWE program increased cotton yields by 69 pounds per acre; Ahouissoussi, Wetzstein and Duffy estimated the yield effect at 100 pounds per acre. We calculate benefit estimates for each yield estimate. Benefit estimates are calculated for both a "low cotton price scenario,"
corresponding to a real (1995 dollars, PFUTC deflated by IPP in Table 4 ) cotton futures price of 59.49 centsllb in 1988, and a "high cotton price scenario," corresponding to real (1995 dollars) cotton futures price of 78.93 centsflb in 1995. Based on experience to date, we assume that per-acre BWE program maintenance fees average $10 per cotton acre.
Using our regression results, we estimate baseline cotton acreage in the absence of the B WE program (i.e., Al) and cotton acreage including expansion effects after the BWE program (i.e., As), Estimates of the annual posteradication net benefits of the BWE program in 1995 dollars for a representative sample county for the two yield estimates and the two cotton price scenarios are then calculated using Equations 3 and 4. These estimates are presented in Table 10 . Per-county annual posteradication net benefits are broken down into two components:
(1) benefits accruing from pre-eradication cotton acres and (2) benefits accruing from post-eradication expansion acres. The share of net benefits attributable to cotton acreage expansion is also presented in Table 9 . For a representative sample county, neglecting acreage expansion effects would 
Discussion and Conclusions
Our study examines the response of cotton acreage to the Boll Weevil Eradication program in 25 North Carolina, South Carolina, and Georgia counties over a 31-year period. This time series is significantly longer than that available to previous researchers (e.g., Ahouissoussi) and includes observations on the post-eradication phase of the BWE program in Georgia. Since the beginning of the BWE program, cotton acreage has increased ten-fold to 810,000 acres in North Carolina3. Georgia cotton acreage has registered an increase of almost 600 percent, and South Carolina has experienced a cotton acreage increase of approximately 130 percent over the same period. Although this dramatic increase Table 1 because some of the increase in cotton acreage in each state occurred in counties outside our sample.
in acreage reflects in part an easing of the rules for building acreage bases by new farmers (Carlson 1995) , it also reflects the lower pesticide costs and higher yields obtained from the implementation of the BWE program. Our results provide strong empirical evidence to support the conclusion that the posteradication phase of the BWE program increased cotton acreage in our study region by 20 to 30 percent. The results provide weaker support for the conclusion that the initial eradication phase of the BWE program reduced cotton acreage. The conclusion that the BWE program caused a significant increase in cotton acreage is further supported by a comparison of cotton acreage changes within our study region with the recent experience of other cotton growing regions, which either did not participate in the BWE program or began participation at a later date. Since the date of initiation of the BWE program in our sample region, other regions did not experience increases in cotton acreage proportional to those experienced in our sample region, even though other regions faced similar prices and government program rules. For example, cotton acres in the Delta states increased by only 35 percent over this period, cotton acreage in the Southwest increased by only 18 percent, and Cali-Statistics.
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average acres compared to 1995 acres). In contrast, Virginia and Florida, which did participate in the BWE program, registered percentage increases in cotton acreage even larger than those in our sample region (albeit from extremely small initial cotton acreages).
In contrast to the results presented here, the 1992 study by Ahouissoussi and the 1993 study by Ahouissoussi, Wetzstein, and Duffy did not find a detectable change in cotton acreage due to the BWE program. However, these preliminary studies were hampered by the short data time series then available. The more extensive data time series now available has allowed us to detect delayed acreage effects. Our results are supported by the more recent farm-level simulation results of Duffy, Cain, Young and Wetzstein (1994) , who find that the boll weevil program would increase acres allotted to cotton by representative south Alabama farms.
Our results provide additional information on the acreage expansion effects and net returns associated with the BWE program in North Carolina, South Carolina, and Georgia. We find that during the eradication stage of the program there is some evidence that cotton acres were 9-29 percent lower (Table 10) than  they otherwise would have been in the absence of the program, ceteris paribus, probably due to the relatively high per-acre program costs. After eradication, there is relatively strong evidence that cotton acres were 20-27 percent higher (Table 9 ) than they otherwise would be in the absence of the program, presumably due to the increased cotton yields and reduced insecticide costs resulting from eradication.
This information enables better assessment of the net benefits of the existing BWE program in North Carolina, South Carolina and Georgia and may aid decision makers in other cotton growing areas now considering BWE adoption.
We estimate that neglecting acreage expansion effects would result in underestimating post-eradication annual net benefits of the B WE program by 9-12 percent for a representative sample county. This amounts to underestimating the net benefits of the post-eradication stage of the BWE program by $31,000 to $132,000 annually per representative sample county, depending on cotton yield and price.
Because BWE program costs are mostly front-loaded into the eradication stage of a BWE program, cotton acreage may temporarily decrease during eradication as growers seek to avoid these costs. As a result, there may be significant time lags on the order of four to five years between the implementation of BWE programs and the realization of acreage expansion effects. Eradication-stage evaluations of BWE programs will tend to underestimate program benefits if post-eradication stage acreage expansion effects are neglected.
Although we would expect the qualitative effects of BWE adoption to be similar across regions, the magnitudes of the anticipated changes would likely differ across regions due to differences in yields, the cost of eradication (and resulting BWE program fees), and the importance of pesticides as a component of variable costs. For example, Texas has significantly lower upland cotton yields than North and South Carolina, while Mississippi's yields are somewhat higher. These yield differences translate into differences in the gross benefits associated with implementing B WE programs. On the cost side, because higher temperatures promote boll weevil overwintering, the relatively warmer winters enjoyed by the more southern Cotton Belt states (such as Georgia, Alabama and Mississippi) may lead to higher boll weevil eradication and monitoring costs in these areas, compared to costs in North and South Carolina.
